I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Chronic kidney disease-mineral bone disorder (CKD-MBD) is a systemic disorder of mineral and bone metabolism due to CKD manifesting with one or combinations of abnormalities of calcium, phosphorus, parathyroid hormone (PTH) or Vitamin D metabolism, abnormalities of bone turnover, mineralization, volume, linear growth or strength, and vascular or soft-tissue calcification.\[[@ref1]\] The major consequences of disordered mineral metabolism in CKD patients are secondary hyperparathyroidism (SHPTH), renal osteodystrophy, and vascular calcification in addition to increasing morbidity.\[[@ref2][@ref3][@ref4]\] Changes in mineral metabolism have also been associated with higher rates of both all-cause mortality and cardiovascular-related mortality.\[[@ref5][@ref6][@ref7]\]

Diagnosis of CKD-MBD using bone biopsy is invasive; in addition, facilities for histomorphometry are not universally available, particularly in a developing country such as Nigeria. Likewise, bone mineral density testing by dual-energy X-ray absorptiometry is not routinely available and affordable. Therefore, changes in serum calcium, phosphorus, PTH, and alkaline phosphatase are generally used to evaluate for CKD-MBD.\[[@ref1]\] In this study, changes in the serum PTH and Vitamin D~3~ are used to diagnose and classify CKD-MBD.

The aim of this study was to determine the prevalence of CKD-MBD and describe its pattern among patients on maintenance hemodialysis in Kano, Northwestern Nigeria.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This is a cross-sectional study of consecutive patients on maintenance hemodialysis at Aminu Kano Teaching Hospital (AKTH), a major referral facility in Northwestern Nigeria seen between December 2011 and June 2012. All patients signed written informed consent, and the study was approved by the Ethics and Research committee of the hospital. During the study period, there were fifty patients on maintenance hemodialysis, one refused consent and another was excluded on account of hepatitis B-related chronic liver disease. Therefore, 48 patients were evaluated in this study.

The exclusion criteria included refusal of consent, age \<18 years, presence of thyroid or liver disease, and those with primary or metabolic bone disease or on hormone replacement therapy. With the aid of interviewer-administered questionnaires, information on sociodemographic data, possible cause of CKD, duration on dialysis, use of phosphate binders, and Vitamin D supplementation were obtained from the patients and recorded. All patients had complete physical examination, and blood sample was taken for determination of calcium, phosphorus, alkaline phosphatase, PTH, 25 hydroxy Vitamin D~3~ (25\[OH\]D~3~), packed cell volume, potassium, bicarbonate, creatinine, and albumin.

Diagnosis of chronic glomerulonephritis was based on history of progressive edema, hypertension, anemia, proteinuria, red cell casts, and bilaterally shrunken kidneys on ultrasound of younger persons. Hypertensive nephrosclerosis was diagnosed based on the history of long-standing hypertension and clinical features of long-standing hypertension such as hypertensive heart disease, thickened arterial wall, and locomotor brachialis. Diagnosis of diabetic nephropathy was entertained in a known diabetic (≥5 years), with microalbuminuria or proteinuria, hypertension, azotemia, and normal or enlarged kidneys on ultrasound. Obstructive uropathy was diagnosed on the basis of ultrasound features of hydronephrosis, clinical and biochemical features of kidney disease in a patient with history, and clinical evidence of urinary tract obstruction.\[[@ref8]\]

Intact PTH (iPTH) and 25(OH)D~3~ were analyzed by electrochemiluminescence immunoassay on a fully automated Cobas e 411 analyzer (Roche Diagnostics GmbH, Germany). Based on the serum level of iPTH, patients were classified into:\[[@ref9]\]

SHPTH; iPTH \>400 pg/mlAdynamic bone disease (ABD); iPTH \<65 pg/mlNormal: iPTH 65--400 pg/ml.

Statistical analysis {#sec2-1}
--------------------

Data were analyzed using the Statistical Package for the Social Sciences Version 20 (SPSS Inc., Chicago, IL, USA). Quantitative variables were presented as mean and standard deviation. The Mann--Whitney U-test was used to compare mean of nonparametric variables; the Spearman\'s rank-order correlation was used to determine relationship between various groups. Multiple regression analysis was used to identify potential risk factors for CKD-MBD. *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The mean age of the participants was 45.96 ± 13.7 years with about 60% in the age group of 40--59 years, 39 (81.3%) were male and nine (18.7%) were female. [Table 1](#T1){ref-type="table"} shows the baseline characteristics of the participants. Thirty-four (70.4%) of the participants were the Hausa, whereas 16.6% and 10.4% were of the Igbo and Yoruba ethnic groups, respectively. Trading constitutes the highest occupation (30%), whereas civil servants and farmers formed 16.7% and 15% of the study participants, respectively.

###### 

Mean Blood Pressures and serum level of measured laboratory parameters in the study population

  Parameters                          Mean     S.D
  ----------------------------------- -------- -------
  SBP\* (mmHg)                        159.92   27.9
  DBP^†^ (mmHg)                       96.02    17.3
  Serum Bicarbonate (mmol/L)          20.5     3.5
  Parked Cell Volume (%)              22.75    5.6
  Serum Creatinine (µmol/L)           585.77   233.4
  Serum Albumin (g/l)                 34.67    5.0
  Serum Calcium (mmol/L)              2.15     0.4
  Serum phosphorus (mmol/L)           1.81     0.5
  CaXPO4 Product^‡^ (mmol^2^/L^2^ )   3.9      1.3
  Intact PTH^§^ (pg/ml)               342.69   360.4
  25(OH) D3^‖^ (ng/ml)                43.79    21

Key: \*= Systolic blood pressure, ^†^= Diastolic blood Pressure, ^§^= Parathyroid Hormone, ^¶^=25 Hydroxycholecalciferol, ^‡^= calcium phosphate product

Chronic glomerulonephritis was the predominant cause of CKD (25%). Pruritus was the most common presenting symptom as depicted in [Table 2](#T2){ref-type="table"}. The median duration on dialysis was 19.3 ± 21.9 months, with 23 (47.9%) of the patients on three dialysis sessions per week, whereas 19 (39.6%) and 6 (12.5%) were on twice and once weekly hemodialysis, respectively. Twenty-three patients had mean Kt/V of \<1.22, of which 56% had abnormal PTH level. The remaining 25 patients had mean Kt/V \>1.22 and 72% had abnormal PTH level. There is a significant relation between Kt/V \>1.22 and development of CKD-MBD (*P* = 0.001). Nineteen (39.5%) of the patients had hyperphosphatemia and 20 (41.6%) had normal phosphate level. Hypercalcemia was seen in 4 (8.3%) of the patients and 22 (46%) had hypocalcemia. In 26 (54.1%) of the patients, the calcium phosphate product was \>4.55 mmol^2^L^−2^. Alkaline phosphatase was raised in 9 (41.0%) of the patients.

###### 

Cause of chronic kidney disease and clinical features of the patients

  Variables                     *n* (%)
  ----------------------------- -----------
  Etiology of CKD               
   Chronic glomerulonephritis   12 (25)
   Hypertension                 11 (23)
   Diabetes mellitus            5 (11)
   Obstructive Uropathy         3 (6)
   Unknown                      17 (35)
  Clinical Features             
   Pruritus                     29 (60.4)
   Bone pain                    28 (58.3)
   Myalgia                      23 (47.9)
   Hyperpigmentation            20 (41.7)
   Arthralgia                   14 (29.2)
   Bony deformity               4 (8.3)

Fifteen patients (31%) had iPTH \>450Pg/ml (SHPTH) and 13 (27%) had iPTH values \<65 pg/ml (ABD); therefore, the overall prevalence of CKD-MBD was 58%. None of the patients had normal 25 (OH) Vitamin D level, 43 (89.0%) had Vitamin D deficiency, whereas 5 (10.4%) had Vitamin D insufficiency \[[Table 3](#T3){ref-type="table"}\]. Serum 25 (OH) Vitamin had negative correlation with SHPTH (*r* = −3.3: *P* =0.023) and ABD (*r* = −3.1; *P* = 0.03). SHPTH was seen in 12 (80%) males and 3 (20%) females, and ABD was seen 12 (92.3%) and 1 (7.7%) of males and females, respectively. There is no statistically significant association between gender and CKD-MBD \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Levels of parathyroid and 25(OH) D~3~ in the study patients

  Variable                         *n* (%)
  -------------------------------- ------------
  Intact PTH\* (pg/ml)             
   \< 65 pg/ml ( ABD)              13 (27%)
   65-450 pg/ml ( Normal)          20 (42%)
   \>450 pg/ml (SHPTH)             15 (31%)
  25 (OH) Vitamin D3^†^ ( ng/ml)   
   \<75ng/ml Deficiency            43 (89.6%)
   75-87ng/ml Insufficiency        5 (10.4%)
   \>87ng/ml Normal                0

Key: \*= Parathyroid hormone, ^†^ = 25 Hydroxy Vitamin D
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SHPTH is statistically associated with high alkaline phosphatase (*Z* = −2.144; *P* = 0.032). There was no significant association between SHPTH and ABD with corrected serum calcium, phosphate, or alkaline phosphatase; however, packed cell volume was statistically associated with ABD \[[Table 4](#T4){ref-type="table"}\]. Thirty-three (68%) of the patients were on Vitamin D supplement in the form of oral calcitriol, whereas 21 (43.8%) were on calcium carbonate, and none of the patient on phosphate binder has hyperphosphatemia.

###### 

Relationship of forms of CKD--MBD with certain Biochemical parameters

  Variable                              SHPTH^†^     ABD^‡^      *P*
  ------------------------------------- ------------ ----------- ------
  Serum Calcium (mmol/L)                1.96+0.3     1.8+0.3     0.24
  Serum Phosphorus (mmol/L)             1.99+0.3     1.6+0.7     0.66
  Ca x PO~4~ Product\* (mmol^2^/L^2^)   3.48+1.1     2.87+1.3    0.21
  Pocked cell volume (%)                24.13+5.6    22.7+4.6    0.03
  Alkaline Phosphatase (u/L)            76.33+33.9   53.7+22.1   0.56
  Albumin ( g/L)                        35.0+5.2     32.9+5.2    0.20

Key: \*= Calcium phosphate Product, ^†^= secondary hyperparathyroidism, ^‡^= Adynamic bone disease

On multiple regression analysis, age \>65 years (odds ratio \[OR\] =2.5, 95% confidence interval \[CI\]: 1.58--3.2, *P* = 0.02), diabetes mellitus (OR = 1.9, 95% CI: 1.8--2.6, *P* = 0.03), acidosis (OR = 0.5, 95% CI: 0.24--2.90, *P* = 0.04), and \< 2 hemodialysis sessions per week (OR = 4.25, 95% CI: 3.6--4.8, *P* = 0.02) as well as hypercalcemia (OR = 1.8, 95% CI: 0.8--3.2, *P* = 0.03) were found to be associated with the development of CKD-MBD \[[Table 5](#T5){ref-type="table"}\].

###### 

Multiple regression analysis to find potential risk factors for CKD-MBD

  Independent variable        OR     95% CI      *P*
  --------------------------- ------ ----------- -------
  Age \>65 Years              2.5    1.58-3.24   0.02
  Male gender                 8.7    3.08-3.68   0.33
  Diabetes mellitus           1.9    1.82-2.60   0.038
  Duration on Hemodialysis    0.13   0.23-0.78   0.83
  Frequency of Hemodialysis   4.25   3.6-4.82    0.022
  SBP^†^\> 180 mmHg           0.25   0.84-2.03   0.11
  DBP^‡^\> 110 mmHg           0.38   1.60-2.40   0.16
  Acidosis                    0.51   0.24-2.90   0.042
  Hypercalcemia               1.80   0.84-3.21   0.032

^†^= Systolic blood pressure, ^‡^= Diastolic blood pressure

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Disturbances in mineral and bone metabolism are common among CKD patients. There are distinct differences between developing and developed countries, regarding the prevalence, pathogenesis, and the management of CKD-MBD. Such differences included ethno-racial factors, dialysis quality, types of dialysis membrane, dialysis water, aluminum and strontium toxicities as well as economic factors such as limiting use of effective newer phosphate binders, calcimimetics, and Vitamin D. This study elucidated the prevalence and pattern of CKD-MBD among patients on maintenance hemodialysis and factors associated with it.

This study corroborated earlier findings of relatively younger age of end-stage renal disease (ESRD) patients in Africa.\[[@ref10][@ref11]\] This has been attributed to the high frequency of infectious causes of chronic glomerulonephritis. Diabetes mellitus which is the leading cause of CKD in Europe, USA, and Japan causes only 10% of CKD in this study.\[[@ref12][@ref13][@ref14][@ref15]\] We found the total prevalence of CKD-MBD to be 58%. This is higher than the prevalence of 24% reported by Sanusi *et al*. in Ile Ife.\[[@ref16]\] This could be explained by the small number of patients who had serum PTH analyzed in their study. However, the prevalence compares well with Okoye *et al*. in Enugu, who found 85% of their predialysis patients had abnormal PTH level.\[[@ref11]\] The prevalence is also similar to what Sidy *et al*. and Buargub *et al*. obtained in Senegal and Libya, respectively.\[[@ref10][@ref17]\]

However, the prevalence rate was lower than what Santoso *et al*. in Indonesia and Ziólkowska *et al*. reported.\[[@ref18][@ref19]\] Santoso *et al*. studied 48 Indonesian hemodialysis patients with iPTH and found a prevalence of 72%. Similarly, Ziólkowska *et al*. found the prevalence of CKD-MBD in Polish children on hemodialysis of 63%. In the study, iPTH value of \>200 pg/ml was used to subclassify the patients and this may be the reason for the higher prevalence. In a systematic review of the literature between 1985 and 2007, Samina and Mohammed found the overall prevalence of CKD-MBD of 79%; most of the studies included in the meta-analysis performed bone biopsy which could explained the higher prevalence.\[[@ref20]\]

Our study found the predominant from of CKD-MBD to be SHPTH, this is also in agreement with a study in Senegal, in which SHPTH was found in 57 of 118 (48%) patients on hemodialysis.\[[@ref21]\] However, the pattern was different from North America in mid-1980s. Monier-Faugere and Malluche while assessing the trends in renal osteodystrophy among 2248 dialysis patients from 1983 to 1995 found increasingly higher prevalence of ABD.\[[@ref22]\] Interestingly, 61% of the patients were on aluminum-containing phosphate binders which could affect the evolution of CKD-MBD.

Perhaps, race is another important determinant of CKD-MBD, because in the general population, Africans have higher parathyroid glands mass and circulating PTH level than Caucasians.\[[@ref21]\] This could predispose blacks to more severe parathyroid disease when CKD develops. In a study of 1270 hemodialysis patients comprising 61% blacks, Gupta *et al*. were able to show a significant difference in serum calcium and phosphate between blacks and whites.\[[@ref23]\] Moreover, maximum PTH levels were significantly high in blacks, and after adjustment, PTH level remained higher than in whites (641.7 pg/ml vs. 346 pg/ml *P* \< 0.0001). In another study of 76 hemodialysis patients of which 31% were blacks, Sawaya *et al*. found high PTH levels in blacks than whites.\[[@ref24]\]

Interpretation of PTH levels in blacks may be different from Caucasians as illustrated by many studies.\[[@ref21][@ref23][@ref24]\] Diagnosis of ABD in blacks is also poised with difficulties as it can present with normal PTH level.\[[@ref25]\] In developing country such as Nigeria, treatment of SHPTH using newer agents such as sevelamer, lanthanum carbonate, and calcimimetics is not feasible due to nonavailability and high cost. Therefore, cheaper drugs such as oral calcium carbonate and Vitamin D should be routinely prescribed to all ESRD patients on maintenance hemodialysis, who have abnormal serum biochemistry. Although the number of patients on calcium carbonate is low, it is noteworthy that all the patients have normal serum phosphorus.

This study highlighted the significance of available therapeutic agents for the treatment and prevention of CKD-MBD. While more than half of the patients were on Vitamin D supplement, none of the patients were found to have normal serum 25 hydroxy Vitamin D. This suggests that either the dose or quality of the oral calcitriol needs to be determined.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The prevalence of CKD-MBD among ESRD patients on maintenance hemodialysis is high, and despite the widespread use of phosphate binders and oral Vitamin D supplementation, the prevalence of hyperphosphatemia, Vitamin D deficiency/insufficient, and subsequent SHPTH is high.

Limitation {#sec2-2}
----------

This study uses serum iPTH to subclassifies and determines the prevalence of CKD-MBD. Our inability to do bone biopsy, serum fibroblast growth factor 23, osteocalcin as well as radiological markers suggest that the result of our study should be interpreted with caution.
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